Objective: To determine the diagnostic sensitivity of bacteriological analyses in induced sputum (IS) for the diagnosis of pulmonary tuberculosis (TB) and to identify the clinical characteristics associated with the confirmed diagnosis, as well as to determine the diagnostic yield of bronchoscopy carried out when IS tests negative for AFB in smear microscopy. Methods: A retrospective, cross-sectional study of patients suspected of having active pulmonary TB and referred to our clinic for sputum induction. We consecutively reviewed the laboratory data of all patients submitted to sputum induction between June of 2003 and January of 2006, as well as their electronic medical records. In addition, the results of the bacteriological analysis of bronchoscopic specimens collected from the patients whose AFB tests were negative in IS were reviewed. Results: Of the 417 patients included in the study, 83 (19.9%) presented IS samples that tested positive for TB (smear microscopy or culture). In the logistic regression analysis, radiological findings of cavitation (OR = 3.8; 95% CI: 1.9-7.6) and of miliary infiltrate (OR = 3.7; 95% CI: 1.6-8.6) showed the strongest association with the diagnosis of pulmonary TB. In 134 patients, bronchoscopy was carried out after negative AFB results in IS and added 25 (64.1%) confirmed diagnoses of pulmonary TB. Conclusions: In our clinical practice, the frequency of confirmed diagnosis of pulmonary TB using IS (19.9%) was lower than that previously reported in controlled trials. Cavitation and miliary infiltrate increase the diagnostic probability of pulmonary TB using IS. The use of bronchoscopy when IS tests negative for AFB significantly increases sensitivity in the diagnosis of pulmonary TB.
The protocol was approved by the Research Ethics Committee of the HCPA, and the investigators signed a confidentiality agreement.
The technique of collecting IS has been standardized at the HCPA since 1999. The patients were placed into a negative-pressure isolation chamber, and sputum was induced through delivery of 5% hypertonic saline solution by an ultrasonic nebulizer (RespiraMax ® ; NS, São Paulo, Brazil). Inhalation was continued until the subject had produced an adequate sample of sputum or 30 min had elapsed. Three samples were obtained and then processed within 1 h using a standardized technique (Ziehl-Neelsen staining for AFB in smears and Mycobacterium tuberculosis culture on Löwenstein-Jensen medium). (15, 16) Staff TB protection measures included wearing a respiratory protection mask and following standard hospital procedures. (17, 18) If the sputum smear microscopy was negative or the specimen was deemed unacceptable, the need for fiberoptic bronchoscopy with BAL and transbronchial biopsy was determined by the attending physician in each case. The fiberoptic bronchoscopy was performed by a pulmonologist at the HCPA. The local anesthetic agent employed was lignocaine. Bronchial segments thought to be sites of active TB, based on chest X-ray findings, were washed with saline solution. The fluid was collected and processed using standardized methodology. (19) Smear positivity was confirmed by Ziehl-Neelsen staining. Specimens were cultured on Löwenstein-Jensen medium. For the transbronchial biopsy, the bronchoscope was introduced into the desired segment, and a biopsy forceps was extended to the lung periphery; as the patient exhaled, the forceps was advanced 1-2 cm in the open position, closed, and then retracted in order to obtain the specimen. This procedure was repeated 3-5 times to obtain an adequate number of samples, which were then sent to a pathologist for interpretation.
To select the patient sample, we reviewed all laboratory data and electronic medical records from the study period. We compiled the data related to following variables: age; gender; race; respiratory symptoms; presence of spontaneous sputum; tuberculin skin test (TST); HIV testing (ELISA); radiological findings; history of TB; and treatment. In addition, we reviewed the results of tests performed on IS samples (AFB staining
Introduction
Tuberculosis (TB) is a leading health problem worldwide, with an estimated eight million new cases and almost two million deaths occurring every year.
(1) Although the control of TB has improved dramatically in most industrialized countries during the last century, the disease continues to be a major cause of morbidity and mortality in developing countries. (2) The World Health Organization (WHO) estimates that 22 countries account for 80% of all new cases and 98% of all deaths from TB, a situation that is exacerbated in countries with high rates of HIV infection. (3) The investigation of pulmonary TB differs among countries, depending on the prevalence of the disease and on economic status. The WHO recommends the examination of respiratory specimens for the detection of AFB as the initial approach to the diagnosis of pulmonary TB. (4) However, this method has low sensitivity and is of little value in patients who cannot produce sputum spontaneously. (5) Sputum induction was first reported in the 1960s, (6) and virtually no reports of its use were published during the 1980s, when bronchoscopy became widely available. However, the invasive nature of bronchoscopy, together with its higher cost, has motivated researchers to assess its yield in the diagnosis of pulmonary TB. (7) (8) (9) (10) (11) (12) (13) (14) The objective of our study was to assess the diagnostic sensitivity of the bacteriologic analysis of induced sputum (IS) for the diagnosis of pulmonary TB in a tertiary referral hospital in a region with a high prevalence of TB, as well as to identify the clinical characteristics associated with the confirmed diagnosis. In addition, we evaluated the diagnostic yield of bronchoscopy performed after IS samples have tested negative for AFB.
Methods
This cross-sectional study was conducted at 
Results
During the period of the study, 417 patients were referred to the HCPA for the collection of IS and were included in the analysis. All of the patients were submitted to chest X-rays, and a board-certified radiologist interpreted the images in the clinical routine of the HCPA. These results were categorized as follows: normal; cavitary disease; pattern of infiltration; consolidation; fibrosis/atelectasis pattern; non-calcified opacities; mediastinal lymphadenopathy; pleural effusion; or miliary pattern.
A confirmed diagnosis of pulmonary TB was The collected data were stored in a Microsoft Excel XP spreadsheet. Data were analyzed using the Statistical Package for the Social Sciences, version 14.0 (SPSS Inc., Chicago, IL, USA).
Data were expressed as number (percentage) or as mean ± standard deviation. Univariate analysis was used in order to compare the IS-positivity group and the IS-negativity group. Categorical comparisons were performed by chisquare test using Yates' correction or Fisher's exact test, if indicated. In addition, ORs and 95% CIs were calculated. Student's t-test was used in order to compare continuous variables between the two groups.
Statistical analysis
All statistical tests were two-tailed, and values of p < 0.10 were required for inclusion in the univariate analysis. All statistically significant variables were evaluated for inclusion in a binary logistic regression analysis. The dependent variable was the IS sample status (positive or negative). An adjusted OR and 95% CI, for each factor in the model, were calculated in this analysis. We ran univariate and logistic Data presented as mean ± SD or n (%). a total of 34 confirmed diagnosis of pulmonary TB using this method.
Among the 39 patients diagnosed with pulmonary TB after undergoing sputum induction and bronchoscopy, the diagnosis was made based on IS findings in 14 (35.9%) and on bronchoscopy findings in 34 (87.2%; p < 0.001). In this specific population (bronchoscopy after IS with negative AFB results), bronchoscopy added 25 (64.1%) diagnoses of pulmonary TB, and IS added 5 (12.8%) diagnoses. Table 3 displays the binary logistic regression for the confirmed diagnosis of pulmonary TB using IS. A diagnosis of pulmonary TB was significantly associated with the radiological findings of cavitation (OR = 3.8; 95% CI: 1.9-7.6) and miliary infiltrate (OR = 3.7; 95% CI: 1.6-8.6).
Discussion
This study demonstrated the yield of IS testing for the diagnosis of pulmonary TB in the clinical practice of a large tertiary hospital in a region with a high prevalence of TB. We demonstrated that 19.9% of all patients referred due to clinical suspicion of pulmonary TB tested positive in IS samples. The radiological findings of cavitation and miliary infiltrate were significantly associated with the diagnosis of pulmonary TB. In addition, we showed that performing bronchoscopy after sputum induction when AFB results are negative increased the diagnostic yield by 64.1%.
As previously demonstrated, sputum induction is a safe (9, (20) (21) (22) and an effective method of obtaining specimens for AFB smear and culture in patients who cannot produce sputum spontaneously or who have presented negative AFI results. (7, 8, (10) (11) (12) 14, 23) In our study, nebulization
The clinical characteristics of the patients are shown in Table 1 . Of the 417 patients studied, 213 (51.1%) were male. The mean age was 49.9 ± 16.3 years. The majority of the patients were White (75.5%) and had respiratory symptoms (71.7%). On the TST, the induration was 0-4 mm in 143 patients (34.3%), 5-9 mm in 11 (2.6%) and ≥ 10 mm in 86 (20.6%). Spontaneous sputum samples were collected from 144 patients with previously negative AFB results (34.5%). In our sample, 183 patients (43.9%) were HIV-positive, and 68 (16.3%) had a history of TB.
The comparison between the two groups (confirmed and unconfirmed diagnosis of pulmonary TB through IS sample testing) is shown in Table 2 . Patients in the confirmed group were significantly younger than were those in the unconfirmed group (p = 0.002). Males predominated significantly in the confirmed group (p = 0.047). Positive IS results were significantly associated with the presence of respiratory symptoms (p = 0.032) and HIV positivity (p = 0.046). In addition, the following radiological findings were significantly associated with the diagnosis of pulmonary TB: cavitation (p = 0.001); miliary infiltrate (p = 0.0002); and pleural effusion (p = 0.048). The rate of confirmed diagnosis of pulmonary TB was significantly higher among the patients with the miliary infiltrate pattern, with or without other radiological findings, than among those without (p = 0,017). However, among those with pleural effusion in isolation, no significant association was found (p = 1.000).
After sputum induction, 134 patients were submitted to bronchoscopy; 8 had positive results for AFB, 24 had positive cultures for M. tuberculosis, and 10 presented with granuloma in the transbronchial biopsy, resulting in To our knowledge, no previous study has demonstrated high rates of pulmonary TB diagnosis using IS in patients who present a miliary pattern on chest X-rays. A study carried out in India showed that 45% of HIV-positive patients with miliary TB had positive AFB smear sputum microscopy results and 61% had positive cultures; however, neither the number of samples, the type of sample (spontaneous or IS) nor the radiological findings were described. (25) This finding has a practical issue, if we consider these patients at a potential risk of transmitting the disease and therefore requiring isolation.
In our study, only 134 patients (32%) were submitted to bronchoscopy for the confirmation of the diagnosis. This might reflect the clinical characteristics of the patients and the judgment of the attending physicians, who decided to proceed with the investigation based on the clinical status of the patients prior to performing an invasive procedure. Therefore, in this specific population (bronchoscopy after IS with negative AFB smear results), we observed a low degree of concordance between the IS and BAL fluid findings for the diagnosis of pulmonary TB, which is in contrast with the findings of previous studies. (8, 11, 12) Bronchoscopy samples accounted for 25 (64.1%) of the 39 confirmed diagnoses of pulmonary TB.
Our study has several limitations. It was retrospective in nature, using data from available records, and the variables under study lacked uniformity. Therefore, the results are susceptible to biases related to missing data. In addition, we did not perform long-term follow-up of the patients in order to determine the definitive diagnosis of cases with negative IS results. Furthermore, we did not perform the sputum induction on consecutive days. One group of authors (12) demonstrated that, in subjects investigated for possible active or inactive TB who produced no sputum or had negative smear sputum results, the most cost-effective strategy is to perform three sputum induction sessions on consecutive days without bronchoscopy. Despite these limitations, we believe that the study provides relevant information on the yield of IS for clinical practice in the real world.
We conclude that sputum induction is an effective method for the initial approach to patients with suspected pulmonary TB who are not able to produce sputum or have tested with 5% hypertonic saline solution induced the production of an adequate sample of sputum in 83.5% of patients, a rate lower than that demonstrated in another study, (7) in which an adequate sample was obtained in 99.8% of the 1,115 cases. The results of the present study underscore the importance of evaluating the adequacy of IS samples. The rate of positivity was higher in samples considered adequate than in those considered inadequate (23.6% vs. 1.4%).
The sensitivity of the AFB smear tests and cultures was much lower in our study than in the literature, for IS and bronchoscopy specimens. (7, 8, (10) (11) (12) (13) (14) 23, 24) Anderson et al. (8) compared a single IS sample with BAL specimens in HIV-negative patients and also reported low sensitivity for AFB smear testing using both techniques (19% and 12%, respectively), although the sensitivity of culture was 73% in IS and 87% in BAL fluid. Another group of authors (11) demonstrated higher sensitivity for AFB smear testing, comparing 3 IS samples with BAL specimens, and found no difference between HIV-negative and HIV-positive patients (34% and 36% for IS, and 38% and 40% for BAL fluid, respectively). The authors reported culture sensitivity similar to that demonstrated by Anderson et al. (8) for HIV-negative patients (67% for IS and 74.5% for BAL fluid); for HIV-positive patients, the sensitivity was slightly lower but not statistically different (60% for IS and BAL fluid). One explanation for the lower diagnostic sensitivity in the present study is the degree of clinical suspicion of pulmonary TB of patients who were excluded from the study. Our study took a sample of patients who were referred to the clinic by different physicians to perform sputum induction, and we did not check the clinical pretest probability. In other words, we did not know how many patients had a high clinical suspicion of pulmonary TB before the procedure, and many of these patients were probably referred to our clinic with a lower diagnostic probability in order to have the diagnosis of pulmonary TB ruled out.
In accordance with the findings of previous studies, (10, 11) we demonstrated that the yield of the culture is almost twice as high as the yield of AFB smear testing and confirmed the importance of culture in the diagnosis of pulmonary TB.
negative on a previous AFB smear test. However, we demonstrated that, in clinical practice, the frequency of positive TB results in IS (19.9%) is lower than that previously reported. The radiological findings of cavitation and miliary infiltrate increase the diagnostic probability of pulmonary TB in IS samples. The low sensitivity of AFB smear testing of IS samples and the need for a prompt diagnosis, if pulmonary TB is highly suspected, demand further investigation. Bronchoscopy samples, when IS samples are AFB-negative, significantly increase the yield in the diagnosis of pulmonary TB.
